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PREFACE 


At the request of many Professors who teach the sub- 
ject to the Intermediate classes in our Colleges, I have 
written this Introductory Text-book of Inductive Logic. 
I have tried to exclude from it all that would be un- 
intelligible to those who begin to study the subject 
without any special scientific knowledge. The book 
presupposes only an elementary knowledge of Deductive 
Logic and an acquaintance with the phenomena of 
Nature, which^^a-ediDolboy acquires or may acquire in 
the ordinary course of his life. My object throughout 
has been to produce a book which would promote the 
study of a subject which has been rightly regarded as an 
Introduction alike to Science and Philosophy. I trust 
that the study of this book will be a good preparation 
for a student, for his subsequent course, whether it be 
Philosophy or Science. 

The Introductory Text-book is completed in sixteen 
chapters specially designed for junior students. The 
Appendix contains additional matter for advanced 
students. In the Note (pp. 93-96) I have referred to 
certain points which should not, I thought, be entirely 
overlooked even in an Introductory Text-book. 

My best thanks are due to Mr. K. C. Bhattacharjee, 
M.A., P.R.S., Professor of Logic and Philosophy in the 
Bethune College, Calcutta, who has made many valuable 
suggestions in the course of perusing the manuscript and 
correcting the proof-sheets. I should be obliged if the 
Professors who may use this book, would communicate 
to me their suggestions for its improvement. 

7, Ballygunge CiBouiiAR Road, 

Cai*outta, 

April, 1916. 


P. K. Ray. 
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INTRODUCTORY TEXT-BOOK OF 
INDUCTIVE LOGIC 

CHAPTER I. 

Mill’s View of Inductive Logic. 

§ 1. Mill divides all truths, according to the way in 
which they are known, into (t) Intuitive and (u) In- 
ferential. 

(i) Intuitive truths are known immediately without 
any reasoning. Mill regards the facts of consciousness — 
the mental feelings and bodily sensations — as known in- 
tuitively. “I am hungry now,” “I was vexed yester- 
day,” “ I am touching this paper and seeing its whiteness,” 
etc., are propositions which are known immediately with- 
out reasoning. They express certain facta of conscious- 
ness which are directly known and which are not inferred 
from other facts. According to Mill all such facts are 
particulars existing at a certain time. 

(ii) Inferential truths are known mediately by reason- 
ing. ‘^They are inferred from intuitive truths by the 
processes of Naming, Definition, Classification, Generali- 
sation, eto.,"^Vhich form the subject-matter of Logic 
From the particular facts known by Intuition, a general 
proposition may be inferred according to the Canons 
laid down by the Logic of Induction. According to Mill 
we usually reason from some particular facts to some 
others with which they are known by experience to be 
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connected The universal type of reasoning, according 
to him, is that if a particular or individual thing. A, 
resembles another particular or individual thing, JS, 
then what is true of A will be true of JB, the certainty of 
the inference depending on the degree of resemblance 
between A and 5. What is true of A and B will be 
true of any other particular or individual thing which 
resembles A and B in the same attribute or attributes 
in which they resemble each other. A, B, C, etc. are 
particulars resembling one another, say in the attribute 
m ; then if the attribute n is known by experience to 
be connected with m and true of the particular A, ii 
will be true of the particular B or C, or any other 
possessing the attribute m. A, B, C, etc. will thus form 
a class and give rise to a general proposition affirming 
the connection of the attribute m with n, that is, any 
particular or individual thing possessing the attribute m 
will also have the additional attribute n. If we call this 
class 8 with m as its common attribute or connotation, 
we may state the general proposition in the usual form, 
“All is P” where ‘P’ is an adjective signifying the 
attribute n. For example, in the general proposition 
“All men are mortal,” ‘humanity’ and ‘mortality’ 
correspond respectively to m and n, the particular things 
are individual men having the attribute, humanity, in 
common, with which the attribute, mortality, is known 
by experience to be connected. The process by which 
the universal proposition, “ All men are mortal,” is estab- 
lished from the particular cases of the death of indivi- 
dual men is called Induction and the operation by 
which it is applied to any living man or men is called 
Deduction by Mill. 

§ 2. According to Mill, all universal propositions 
which are not merely verbal (analytical), or deduced 
from verbal propositions, are generalisations from parti- 
culars known by experience. It is the business of Induc- 
tive Logic to lay down the conditions to which wc must 
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conform in order that a general proposition inferred 
from one or more particulars, may be true. 

/ Mill holds that the Laws of Thought, the Axioms of 
Geometry etc., which are usually regarded as self-evident 
and intuitive, are also generalisations from experience. 
According to him, intuition gives us no knowledge of 
any universal principle. It only reveals to us the parti- 
cular facts of consciousness. In our ordinary percep- 
tions and observations there are two elements, (1) Intui- 
tive, or the elements of original sensations or pure per- 
ceptions of the several senses, and (2) Inferential, or the 
elements added to them by reasoning. In order that 
our perceptions and observations may be true, the 
reasoning involved in them must conform to the condi- 
tions of correct reasoning. It is evident, therefore, that 
Mill is bound to analyse our ordinary perceptions and 
observations and distinguish the inferential elements in 
them from those that are primary and intuitive. Our 
ordinary perceptions and observations are, he points out, 
the results of reasoning and should be distinguished 
from the pure sense-perceptions which are intuitive. As 
the end of Logic, according to Mill, is the attainment 
of real or scientific truth, it is necessary that the data 
supplied by observations should be true and that the 
inferential elements contained in the observations should 
conform to the laws of Logic. He holds that there are 
no rules of Logic regulating pure perceptions or pure 
observations, that is, the intuitive elements involved in 
our ordinary perceptions and observations. They form 
the ultimate data of all reasoning. They depend on our 
physical and mental constitution and on the environ- 
ment. Logic assumes them as they are in normal human 
beings. 

(^o syllogistic reasoning is possible unless there are 
general dr universal propositions. In the first figure to 
which all syllogisms may be reduced, the major premiss 
must be universal. Mill holds that as all universal propo- 
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sitions are generalisations from experience, no valid 
(true) syllogistic reasoning is possible unless we have 
valid generalisations. We may assume them or they 
may be analytical, but the conclusions will then be hypo- 
thetical and not true. In order that the conclusion of 
a syllogism may be true, the premisses must be true; 
and of these one, the major, being universal must be 
a generalisation from particulars known by experience. 
The problem for Mill’s Logic is, therefore, to lay down 
the conditions to which a generalisation must conform 
in order that it may be true. 

§ 3. Mill finds a solution of this })roblem in what he 
calls the Principle of the .Uniformity^ of liature. This 
principle is itself a generalisation from experience. By 
‘‘Nature” he means the whole of phenomena, physi- 
cal or mental, which are known or capable of being 
known by us. By Uniformity he means that there are 
constant relations or connections among these pheno- 
mena. . He points out that the uniformity of nature 
consists of many uniformities in different departments 
of Nature. He classifies them under the three heads of 
(1) Coexistence, (2) Succession, and (3) Likeness. The 
phenomena of Nature coexist in space, succeed each 
other in time, and resemble one another in certain quali- 
ties, according to laws which are investigated in different 
sciences. Under Succession he recognises a special kind 
of uniformity, which he distinguishes from others and 
generalises under the Law of Causation. This Law 
means, according to Mill, (1) that every phenomenon has 
a cause, and (2) that the cause of a phenomenon is a phe- 
nomenon or an aggregate of phenomena, which invariably 
and unconditionally produces the phenomenon. Mill 
shows that the Law of Causation and the Principle of 
Uniformity of Nature form the basis of all scientific 
investigations. The observations and experiments in 
science are conducted on the assumption of their truth. 
The generalisations in Physics and Chemistry and other 
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Sciences are so many different instances of the two 
fundamental principles of Causation and Uniformity of 
Nature. 

§ 4. According to Mill, an Induction is a valid 
generalisation from some to all particulars of a class. By 
a “particular” he means an individual belonging to the 
class. “ Socrates, Plato, Aristotle and others have died; 
therefore all men will die ” is an Induction Is it valid ? 
It is valid if it conforms to the principle of the Uniformity 
of Nature — if a constant connection can be shown to exist 
between the attribute or attributes common to Socrates, 
Plato, Aristotle and others, i e. to men who have died, and 
the attribute of dying or death. What is the attribute 
in them which is so connected with death ? They all 
have an organised body; and it must be shown by 
Inductive Methods that there is a constant connection 
between organisation and death — that wherever an in- 
dividual has an organised body, it has in it also the 
elements leading to the dissolution of the organisation 
(connection of Coexistence) or that the phenomena 
constituting an organised body will be invariably fol- 
lowed by the phenomena of its dissolution (connection of 
Succession or Causation). The induction “ All men will 
die” or “All men are mortal” may be established by 
the Method of Simple Enumeration. It may be shown 
that all individual men in past ages died, that many 
men in the present age have died, that there are no 
cases of men living bfeyond a certain age, that, so far 
as our experience goes, all men die after a certain age 
and that therefore all men who are now living and 
who may be hereafter born will die, i e., all men are 
mortal. The Method of Simple Enumeration is the 
most popular method of induction as it is also the most 
ancient. “Food nourishes,” Water quenches thirst,” 
“Fire burns,” “ Liquids expand by heat,” “ Bodies fall 
to the earth,” “ Crows are black,” “Swans are white,” 
“ Plants have flowers,” “Animals have power of locomo- 



0 


INDUCTIVE LOGIC. 


tion,” “ Metals conduct heat,” etc., are inductions 
established by this method. ^ Mill recognises it but points 
out that as it cannot establish the relation of cause 
and effect, the method is not of much use for scientific 
purposes For a valid scientific induction it is necessary 
to show that the subject and the predicate are causally 
connected — that the attribute connoted by the subject, or 
the phenomenon sigiiifieJ by it, is invariably and uncon- 
ditionally followed by the attribute connoted by the 
predicate, or the phenomenon signified by it. In the 
inductions given above such a connection has not been 
shown to exist. In fact we are not sure that some of 
them are valid inductions. They are no doubt generali- 
sations from our experience. But a larger experience 
may or may not confirm them. As a matter of fact 
some of them are not universally true. There are black 
swans ; there are plants that have no flowers ; there are 
animals without the power of locomotion In the case 
of the others it is necessary to state definitely the con- 
ditions under which they are true Mill, therefore, dis- 
trusts the Method of Simple Enumeration for scientific 
purposes and formulates certain methods which he calls 
the “Methods of Experimental Inquiry” and which an' 
known as Mill’s “ Methods of Induction.” 

The Induction “All men are mortal” may be estab- 
lished by showing that there is a causal relation between 
the phenomena of human life and those of death For 
this purpose it would be necessary to analyse both the 
groups of phenomena into their constituent elements. 
The phenomena of human life include those of animal 
life ; and the latter those of an organised living body ; 
and it may be shown that the phenomena of organisation 
are invariably followed by those of the dissolution of the 
organism. An organism consists of certain organs per- 
forming the function of life It may be shown that the 
organs are so constituted and the natural environment 
is such that after a certain period they invariably cease 
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to work, and thus bring about the death of the organism ; 
that is, there is a causal connection between the pheno- 
mena constituting the life of an organism and those 
constituting its death If such a connection can be 
established, the induction will be a valid one, according 
to Mill. The other popular inductions given above will be 
valid if a causal connection can be established between 
the subject and the predicate of the propositions, that 
is, between the phenomena signified by them. Mill’s 
Experimental Methods of Inquiry are methods for dis- 
covering and proving such connections among the pheno- 
mena of Nature. 



CHAPTER 11. 

Perception and Observation. 

§ 1. Ordinary observations are inferences from 
direct perceptions 

''Tnductive Logic is concerned with the truth of pheno- 
mena known by inference, as distinguished from what 
is known by intuition. The ultimate data of all 
inference are facts known by intuition. There is great 
difference among philosophers as to what is exactly 
known by intuition. We have seen that, according to 
Mill, intuition gives us a knowledge only of our mental 
feelings and bodily sensations. A sensation is a mental 
state produced by an external object. A perception is 
the reference of the sensation to the external object and 
implies, according to him, an act of inference Accord- 
ing to others, a perception gives us a direct and im- 
mediate knowledge of an external object. The word 
perception is sometimes used in a wider sense, in- 
cluding our immediate knowledge of the internal subject. 
The latter is called Internal Perception as distin- 
guished from the former which is called External Per- 
ception. . Perceptions are also distinguished as original 
and immediate from those which are acquired and 
mediate. The former are intuitive while the latter are 
inferential. In our ordinary perceptions and observa- 
tions, there is a combination of both the elements. 

“ What we are said to observe,” says Mill. ‘‘ is usually 
a compound result of which one-tenth may be observa- 
tion, and the remaining nine-tenths inference ” — Bk. IV, 
Chap. I, section 2. By ‘ observation ’ he means here an 
immediate perception as distinguished from an acquired 
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or mediate perception in which there are elements of 
inference. “ In almost every act of our perceiving 
faculties, observation and inference are intimately 
blended ’’ ‘‘ I affirm, for example/’ says Mill, that I 

hear a man’s voice. This would pass, in common 
language, for a direct perception. All, however, which 
is really perception, is that I hear a sound. That the 
sound is a voice, and that voice the voice of a man, are 
not perceptions but inferences I affirm, again, that 1 
saw my brother at a certain hour this morning. If any 
proposition concerning a matter of fact would commonly 
be said to be known by the direct testimony of th(^ 
senses, this surely would bo so. The truth, however, 
is far otherwise 1 only saw a certain coloured surface ; 
or rather I liad the kind of visual sensations which are 
usually produced by a coloured surface ; and from these 
as marks, known to be such by previous experience, I 
concluded that I saw my brother. 1 might have had 
sensations precisely similar, when my brother was not 
there. 1 might have seen some other person so nearly 
resembling him in appearance, as, at the distance, and 
with the degree of attention which I bestowed, to be 
mistaken for him. I might have been asleep, and have 
dreamed that 1 saw him ; or in a state of nervous dis- 
order, which brought his image before me in a waking 
hallucination. In all these modes, many have been led 
to believe that they saw persons well known to them, 
who were dead or far distant. If any of these supposi- 
tions had been true, the affirmation that I saw my bro- 
ther would have been erroneous ; but whatever was 
matter of direct perception, namely, the visual sensa- 
tions, would have been real. The inference only would 
have been ill-grounded. I should have ascribed those 
sensations to a wrong cause.” 

§ 2. Immediate Perceptions. 

Each sense has its immediate or direct perceptions. 
Sight, for instance, gives us a knowledge of the colours 
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of objects ; Hearing of the sounds produced by tliem : 
Active Touc?h, of the resistances offered by them and of 
their forms and sizes ; Smelling, of tlieir odours ; Tasting, 
of their flavours. The colour, for example, of an orange 
is known by Sight, its form, size and solidity by Active 
Touch, its scent by Smelling, its flavour by Tasting. 
These are direct or immediate perceptions of an orange 
by the several senses. There is much difference of 
opinion among psychologists as to the exact knowledge 
supplied by each sense. All would, 1 think, agree that 
the original sensations of each sense constitute its direct 
perceptions of an object and that the qualities of the 
object are founded on these sense-perceptions. They 
would differ in their account of what is implied by each 
sense-perception. Is an object implied by every sense- 
perception ? If so, what is its nature ? Is it implied 
by some sense-perceptions only ? If so, what are they ? 
Does the perception of colour and sound imply any 
perception of extension ? How is an object as a source 
of resistance and as occupying space known ? Is it an 
inference or an intuition ? A thorough discussion of 
these questions belongs to Psychology and Metaphysics. 

§ 3. Mediate Perceptions. 

A mediate perception of an object is an inference from 
an immediate perception of it. The inference of the 
taste of an orange from its appearance is a mediate per- 
ception. The inference of the distance of an object from 
its direct visual perceptions is a mediate perception ac- 
quired by experience So are also the perceptions of the 
form and size of an object at a distance from the sensa- 
tions of sight or rather from the perceptions of its visual 
figure and size. The immediate perceptions of one sense 
become associated by experience with the immediate 
perceptions of another sense ; and the one set may be 
inferred from the other. The inferences will be true or 
false according as they do or do not conform to the rules 
of Logic. 
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§ 4. Internal Perception. 

In Internal Perception there is no special organ of 
sense ; but the mind directly perceives its feelings, its 
desires, its ideas, its activities, etc. It is sometimes 
called Introspection, i.e., looking within. It is also called 
Self-consciousness, i.e., the consciousness of the self as 
distinguished from the not-self. Self-consciousness is 
direct and immediate knowledge of the phenomena of 
one’s own mind. The mental phenomena are so con- 
nected with one another that it is possible to draw in- 
ferences as in the case of the phenomena of the exter- 
nal world. From the immediate consciousness of a par- 
ticular feeling may be inferred the desire that is likely 
to follow. From the immediate consciousness of an idea 
may be inferred the feeling that accompanies or is asso 
ciated with it and the volition that is likely to follow. 
From a knowledge of the connections of the phenomena 
in one’s own mind, inferences may be drawn in regard 
to the phenomena of another person’s mind ; and thevse 
may be verified by his gestures and actions or by direct 
reference to his consciousness. 

As in the case of External Perception, Philosophers 
differ in their account of Internal Perception. The 
chief point of difference in the latter case is as regards 
the nature of the Self or the Mind. Does it merely 
consist of the phenomena or is there a unity or a perma- 
nent reality which is the ground of the phenomena and 
which is directly known along with them ? 

§ 5. The word perception has a still wider import than 
has been noticed above. It means also a direct knowledge 
of the relation between two given things. For example, 
the consciousness of the likeness or unlikeness of two 
things, say, in regard to their colour, is also an immediate 
perception. Likewise, the equality or inequality of 
two lines placed side by side is l^nown by direct per- 
ception, i.e., intuitively. The ideintity or difference of 
two things in respect to any particular attribute is 
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known by immediate perception. The relation of co- 
existence or of succession between two given phenomena 
is perceived directly without any reasoning. It is held 
by some philosophers that the knowledge of the relation 
of A to G from the knowledge of the relation of each to 
B is also direct and immediate knowledge, i.e. an intui- 
tion, as in the case of the first axiom: A=^B; C = B 
A — C. This is true if the three things remain un- 
changed, but will not be true in a world of flux. It is 
true of our ideas and concepts which are assumed to 
remain unaltered. In the case of phenomena, ^ = C is 
an inference which must be verified by experience. 

§ 6. The word perception as used in the phrases, Aes- 
thetic Perception, Moral Perception, Spiritual Perception, 
etc., implies also direct and immediate knowledge of spe- 
cial kinds of facts and phenomena. The phenomena of 
beauty in the external and in the internal world are 
directly perceived by the mind. So are also the facts and 
phenomena of our moral and spiritual nature. Inductive 
Logic has to recognize the truth of all immediate and 
direct perceptions and lays down rules according to 
which true inferences may be drawn from them. 

§ 7. The faculty of immediate perception, like all 
other faculties, grows by exercise. The child at first 
perceives all colours as more or less alike. But gradu- 
ally he distinguishes them and shows his fondness for 
the bright colours. The colour-sense in an adult is more 
developed than in a child. Persons who are dealing in 
colours can easily distinguish the different shades of a 
colour, which, to an ordinary person, would appear to 
be the same. ' All this knowledge of the different colours 
and of their various shades is due to the growth of the 
faculty of visual perception. ►It is immediate and direct 
to the person in whom the faculty is developed. It is 
not the result of inference but of intuition, v No amount 
of reasoning could produce in a person the knowledge 
of the difference between red and blue. This know- 
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ledge is intuitive and is only attained by a direct and 
immediate perception. The progress in intuitive know- 
ledge caused by the growth of the faculty is true, not 
only of external perception, but also of the other kinds 
of perception noticed above. The facts directly known 
by the fully developed faculty of perception of every 
kind have to be recognised in Inductive Logic. 

§ 8. Perception gives us immediate knowledge of 
what is present. Memory gives us immediate know- 
ledge of what is past but has been perceived by us. The 
knowledge supplied by memory of past events and occur- 
rences is as direct as the knowledge given by perception 
of what is happening now. It is true that memory some- 
times becomes vague and faint and is not always reli- 
able. It may require to be revived by circumstances ; 
but, when thus revived, it recalls a past event with 
wonderful faithfulness. The facts recalled by memory 
must also be recognised by Inductive Logic. 



CHAPTER III. 


Observation and Experiment. 

§ 1. Observation is the extension of immediate percep- 
tion by inference. Experiment is the extension of obser- 
vation by special arrangements of natural objects. '' By 
‘ observation ’ we investigate the properties and laws of 
objects and phenomena as they occur in nature. ^ By 
‘ experiment,’ objects are isolated from their natural com- 
binations in nature, and phenomena are artificially pro- 
duced for observation. Observation and experiment are 
necessary for obtaining the facts and phenomena of a 
science. The laws of the science are based upon these 
facts and phenomena. In Physics and Chemistry, for 
example, the general properties of material bodies, the 
special properties of liquids, solids and gases, the laws 
of expansion of these bodies by heat, the laws of chemi- 
cal combination, the properties of the chemical elements 
and their various compounds, etc., have been determined 
by observation and experiment. In some sciences as 
Botany, Zoology, and Mineralogy, observation is the chief 
method of obtaining the facts, while in Chemistry and 
Physics, experiment is absolutely necessary for determin- 
ing even the most elementary laws of these two sciences. 
It is by experiment that oxygen is prepared from its 
compounds in nature and its properties are determined. 
It is by experiment that the properties of the compounds 
which oxygen forms with the other elements such as 
carbon, nitrogen, etc., have been ascertained. The law 
of falling bodies has been determined by an experiment 
in which two bodies such as a piece of gold and a 
feather are allowed to fall through a glass cylinder which 
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has been emptied of its air. In such an experiment it 
is found that the two bodies fall to the bottom of the 
cylinder at the same time. The laws of reflection and 
refraction of light have been determined by experiments. 

The truth of the laws of a science depends upon the 
truth of the facts and phenomena determined by observa- 
tion and experiment. Observation and experiment must 
therefore be carefully conducted and the results accu- 
rately recorded for confirmation and future reference. 
For this purpose scientific apparatus as well as a com- 
plete system of terms are necessary — the former for 
producing and observing the phenomena and the latter 
for accurately recording them in language. 

§ 2. \ Experiment has certain advantages over obser- 
vation. When a phenomenon is produced by an experi- 
ment, we know all the circumstances under which it is 
produced. We can vary them as we like and notice the 
change in the phenomenon. We may thus determine a 
quantitative relation between the cause and the effect. 
But we can not produce a phenomenon by an experi- 
ment unless we know its cause. It is by observation 
that we can find out the probable cause of a given 
phenomenon. We observe many instances of it as it 
occurs in Nature and draw from them some inference as 
regards its probable cause. We may then experiment 
upon this cause and try to produce the phenomenon. 
The inference will be correct if the phenomenon is pro- 
duced by it. But as it often happens the cause inferred 
may not produce the phenomenon. It may be only a 
part of the true cause and will not produce the pheno- 
menon by itself. Or it may consist of the cause and other 
circumstances which are irrelevant to the production of 
the phenomenon. For the elimination of these ir- 
relevant circumstances experiment is necessary. Take 
the phenomenon of vapour in the atmospheric air. What 
is its cause ? We may observe many cases of the pres- 
ence of vapour in the air on different days and in 



10 


INDUCTIVE LOGIC. 


different seasons. Its quantity increases in the rains, 
when the air becomes very humid. It is much less in 
the winter. It is more present in the air of Lower 
Bengal than in that of the Up-country. From these 
instances it is difficult to determine the conditions under 
which it is produced and the conditions under which 
its quantity in the air varies in different seasons and in 
different countries. It may be inferred that it is pro- 
duced somehow from the water-sources of the country 
and that its quantity depends on the proximity to rivers 
and seas and on the prevalent winds, being greater, for 
example, during the monsoons. Its quantitative con- 
nection with the temperature of the air has been deter- 
mined by experiment. It has also been determined by 
experiment that not only does water rise as vapour 
through heat as in the summer, but that all water-sources 
are giving off vapour throughout the year. 

§ 3. In Inductive Logic it is usual to represent ob- 
jects and their phenomena by symbols such as the letters 
of the alphabet. An object as consisting of a number 
of attributes, is represented by a combination of letters, 
each standing for an attribute. The attributes of an 
object are founded upon the phenomena of sense, which 
it produces in us. The attributes of a piece of chalk, 
for example, such as resistance (or solidity), figure, size, 
colour, etc. are grounded on the corresponding sense- 
perceptions. All the phenomena of objects are thus, on 
the one side, related to the mind and, on the other, to 
the object. They imply a sensibility of the former and 
a capacity of the latter to produce a sensation which is 
the content of the sense-perception. A piece of chalk is 
thus an aggregate of the various phenomena on which 
its attributes are grounded. ' The attributes are the 
capacities or potentialities of the chalk to produce cer- 
tain sense-phenomena in us. It is these phenomena 
which form the subject-matter of science. The pheno- 
mena are represented by the same letters that stand for 
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tho corresponding attributes. All phenomena may be 
traced to the attributes of an object or of a subject or 
mind The actions of one object upon another, or of 
one mind upon another, or of an object and a mind 
upon each other are phenomena implying attributes 
and may be represented by letters A simple pheno- 
menon is represented by a single letter and a complex 
or compound phenomenon by two or more letters. The 
terms “ simple ” and “compound” as applied to pheno- 
mena are relative. A piece of chalk is sometimes taken 
as one phenomenon and represented by a single letter 
and sometimes as a compound one represented by seve- 
ral letters, standing for the several sense-phenomena of 
resistance, figure, size, colour, etc. it produces in us. 

In Inductive Logic the antecedents of a phenomenon 
or both the antecedents and the consequents in a pheno- 
menon are represented by letters. In the latter case it 
is evident that the phenomenon is a very complex one, 
consisting of certain antecedent and certain consequent 
phenomena, each of which may again be complex. In 
the former case the phenomenon may be simple or com- 
plex. Even when we speak of the antecedent and the 
consequent in the singular, the phenomenon referred to 
may be complex. 


c 



OHAPTER IV. 


Classification and Definition. 

§ 1. By immediate perception, observation and ex- 
periment, we know individual things and phenomena ; and 
the problem of classification is their grouping according 
to their resemblances and differences. They may be 
divided into ‘ two broad classes according as they are 
known by external or by internal perception. Those 
known by external perception occupy space and those 
known by internal perception occur in time and do not 
occupy space. All external things and phenomena thus 
form a very large class, having the attribute of being 
in space as their common quality, while all internal or 
mental things and phenomena form another very large 
class distinguished from the former by their not being 
in space. Both agree in being in time — things existing 
in time, and phenomena being changes in time. 

>A11 external things and phenomena may next be 
divided into classes according to the sense by which 
they are known. Thus there would be as many classes as 
there are senses giving us knowledge of external objects. 
Touch, sight and hearing are the most important know- 
ledge-giving senses and there would thus be three classes, 
namely (1) Tangible, (2) Visible and (3) Audible. But 
these classes would not be exclusive of one another as 
one and the same individual thing may be an object of 
all the three senses. ‘ The classification would be one of 
attributes founded on conscious phenomena rather than 
of individual things. The latter may be classified ac- 
cording to the degree of resistance offered by them into 
(1) Solid, (2) Liquid, (3) Gaseous, (5) Ethereal. The first 
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three are known to have the element of resistance in 
different degrees, but the last — the medium of light, 
heat and electricity — appears to be without it or to 
have so little of it that the present scientific instruments 
have not been able to detect it. 

' All things offering resistance and occupying space 
may be next classified into those that have life and 
those that are without it, namely, (1) living (plants and 
animals) and (2) non-living (minerals, rocks, stones, 
chemical elements and compounds, etc.) Living things 
may be classified according as they have sensibility and 
power of locomotion or not, into animals and plants. 
Animals may be classified according to their organisation, 
i.e. the degree of life developed in them. So may also 
be plants.' The classification of plants is the subject of 
Systematic Botany and that of animals of Zoology. 

^The first broad classification of plants is into (1) 
flowering, i.e. those that have flowers, and (2) non- 
flowering, i.e. those that arc without any flowers, e.g. 
ferns, mosses, etc. The first broad classification of ani- 
mals is into (1) Vertebrata, i.e. those that have the back- 
bone, and (2) Invertebrata, i.e. those without it, e.g. in- 
sects, molluscs, etc. One of the earliest classification of 
animals is according to their place of living — (1) land, (2) 
water, or (3) both (amphibious). 

§ 2. The object of all these classifications is to bring 
together those things that resemble one another and to 
separate them from those from which they differ. The 
greater the number of qualities in which the individuals 
of a class resemble, and the more important these quali- 
ties, the more scientific is a classification, ^"^he impor- 
tance of a quality depends on its persistency and its con- 
nection with other qualities in a group of individuals. 
The vertebral column is an important attribute for the 
classification of animals H)ecauso it is present in all higher 
animals including fishes ; and it is further found that it 
is correlated with a number of organs such as the skull, 
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the spinal cord, the heart, the brain, the organs of sense, 
etc. in an animal. Likewise the presence or absence of 
flowers is a very important attribute of plants. All flower- 
ing plants have many other common characters, while all 
flowerless plants are devoid of them, but have other 
common characters. A scientific classification takes into 
consideration all the attributes of the things to be classi- 
fied and groups them according to their most important 
characters. ^ A classification is said to be artificial if it is 
founded on one character for a particular purpose. If, 
however, the character is an important and persistent 
one, an artificial classification may pass into a scientific 
one * The classification of objects founded on the single 
quality of resistance and its varying degrees is a scienti- 
fic one. 

§ 3. Classification is a very important process in 
science. It gives rise to classes, each possessing certain 
common attributes. ^The common attributes constitute 
the connotation of the class-name. New individuals may 
be included in the class if they are found to possess the 
common attributes. The class metal arises from a classi- 
fication of elements into (1) metals and (2) non-metals 
and is characterised by certain qualities. If a new ele- 
ment is discovered and is found to possess some of those 
qualities, it is inferred that it possesses also the others, 
and the element is referred to the class metal. The in- 
ference may be verified afterwards by experiment. '^Like- 
wise if a new plant is discovered and found to possess 
some of the characters of a particular class,^t is re- 
ferred to the class under the belief founded on the Unifor- 
mity of Nature, that the other characters, for example, 
the fruit, will also be found in due course. The new 
plant may be identified by its flower ; and the fruit 
characteristic of the class may be produced in proper 
season. 

K New attributes may be added to the common attribute 
or attributes of a class with the increased knowledge of 
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the things belonging to the class. ' With the progress of 
Physics and Chemistry there has been an addition to our 
knowledge of the common attributes of the class metal. 
Similar change has taken place in the connotation of the 
class-names, plant, animal, living body, etc. * Our know- 
ledge of the things denoted by them has increased with 
the progress of Biology, Botany and Zoology, and it has 
become necessary to re-model their classifications on new 
principles. 'Of these the most important principle is 
that of Evolution of living things from a few original 
forms. ■ The old classifications of plants and animals are 
being transformed into genealogical trees. 

§ 4. The preceding section shows the close connec- 
tion between Classification and Definition. The defini- 
tion of a class-name consists of the attributes common 
to the individual things belonging to the class. The defi- 
nition will increase in content with the advance in our 
knowledge of the common attributes. Definitions of 
the names will change as the classification is adapted to 
our increasing knowledge of the things classified. The 
definitions of metals, plants, animals, living bodies, etc., 
have changed with our increased knowledge of the 
things. The more accurate and advanced is our know- 
ledge of the things defined, the truer is the definition. 
In defining the term metals, the object at first is to find 
out its correct meaning in popular usage, then its mean- 
ing in scientific usage. We shall thus have a popular and 
a scientific definition of the term. But the philosophic 
problem of definition of metals goes deeper. It attempts 
to find out the most fundamental qualities which are in- 
herent in the known metals, which distinguish them from 
other substances, and from which their other qualities 
are derived. This may not be the case with the present 
scientific definition of the term. ^A final and complete 
definition implies a final and complete knowledge of the 
individual substances denoted by the term. ^It is there- 
fore an ideal at which Science aims in its investigation 



22 


INDUCTIVE LO(;iC. 


of truth rather than an accomplished fact in regard to 
any class of natural objects. 

§5. It is evident that classification presupposes (1) 
a system of names for describing the parts and actions 
of individual things; (2) a system of names signifying 
the qualities in which the individual things resemble 
one another; (3) a system of names for the classes 
which arise from the grouping of the individual things 
according to their resemblances and differences. 

The first and the second have been called Terminology 
and the third Nomenclature. 

In describing a plant, for example, names or words are 
required for its various parts and organs such as the roots, 
the trunk, the branches, the leaves, the flowers, the fruits, 
etc., and for noting the various modifications of these 
parts and organs. These names must have definite mean- 
ings and be sufficient in number to describe accurately and 
fully the various parts of an individual plant so as to be 
able to distinguish it from another. The parts and organs 
of one plant resemble those of another ; and names are 
required to note these common qualities. These two 
systems of names constitute what is called Terminology. 
When the plants observed and described are grouped 
into classes according to their resemblances and differen- 
ces, names are selected for these classes according to their 
position in a scheme of classification. These names, 
especially those standing for the lowest classes called 
infimae species, constitute what is called Nomenclature. 
Botany, Zoology, Mineralogy, Chemistry have each its 
systems of Terminology and Nomenclature. 

§ 6. Generalisation and Induction. 

Generalisation is the process by which what is known 
to be true of one or more individuals of a class is in- 
ferred to be true of the whole class. For instance, it is 
observed that water and oil are solidified by cold and it 
is inferred that all liquids are solidified by cold. The 
general proposition which is the result of a generalisa- 
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tion is called Induction. Whether the induction “ all 
liquids are solidified by cold” is true or not will depend 
on further observation. If it cannot be verified by 
observation, recourse may be had to experiment. The 
liquid bodies that are not seen to solidify under the 
natural conditions of the cold weather may be solidified 
by cold produced artificially by properly devised experi- 
ments. The general proposition may be thus estab- 
lished by observation and experiment. It may be true 
of all the known liquids. But it may still be contra- 
dicted by some newly discovered liquid. In order that it 
may be established as a universal proposition, true of all 
liquids whatever, known or unknown, it is necessary to 
establish some connection between liquidity and cold on 
the one hand and solidity on the other, which will hold 
good under all conditions. Until such a connection is 
established, the generalisation must be regarded as em- 
pirical and may be falsified by a single instance to the 
contrary. 



CRAPTRIl y. 


The Different Kinds of Inditction. 

§ 1. Every valid induction is founded, according to 
Mill, on a constant relation or connection among the 
phenomena of Nature. He distinguishes three kinds of 
Induction corresponding to the relations of (1) Coexis- 
tence, (2) Likeness or Resemblance, (3) Succession. 

(1) Inductions of Coexistence. 

Some samples of gold have certain qualities ; there- 
fore, gold, wherever it may be found, will have the same 
qualities. This is an induction of coexistence. ' The qua- 
lities are connected with one another and coexist^ in 
every piece of gold. The connection among them is as- 
sumed to be a constant one on the ground of the Uni- 
formity of Nature and is verified by experience. There are 
similar inductions founded on the coexistence of certain 
qualities in some samples of other chemical elements as 
also of chemical compounds and in some individuals of a 
class or species of plants or animals. ^ To the class of 
Inductions of Coexistence belong all Laws of Nature 
which cannot be brought under the Law of Causation. 
The law that whatever has inertia gravitates is an 
Induction of Coexistence. No causal connection has been 
shown to exist between inertia and gravitating. 

§ 2. (ii) Inductions of Likeness or Resemblance. 

Every Induction of Coexistence is also an Induction of 
Likeness or Resemblance. The induction ‘‘all gold 
has certain qualities ” may be stated in the form “ all 
samples of gold resemble one another in those quali- 
ties.” The induction “all material bodies gravitate” 
is the same as “all material bodies resemble one 
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another in the attributes of inertia and gravitating.” 
The induction “ all men are mortal ” expresses the 
fact that all men resemble one another in the attri- 
butes, animality and mortality. Resemblance may 
vary in degree. ' In some cases it amounts to identity 
as in the samples of chemical elements and compounds. 
The different samples of oxygen, hydrogen, water, car- 
bonic acid, silver, copper, all in their chemically pure 
state, have identical properties. What is true of one 
pure sample of a chemical element or compound is true 
of all pure samples of the same element or compound, 
because they resemble one another to such an extent 
that one sample cannot be distinguished from another. 
These inductions are founded on the uniformity of re- 
semblance or identity between the different samples of 
the same substance. ' In other cases the resemblance is 
partial. It exists in the midst of difference. One man 
resembles another in certain qualities and differs from 
him in certain other qualities. ^ What is therefore true of 
some men cannot be inferred of all men, unless what 
is inferred is causally connected with, or follows from, 
the qualities in which they resemble. For the quality 
inferred may be one which is connected with those qua- 
lities in which they differ from one another. It may be 
a special quality of a particular individual or of a parti- 
cular race and may not be possessed by another indivi- 
dual or another race. Inductions founded on resemblance 
must therefore be carefully tested and brought under 
the Law of Causation. 

§ 3. Inference from Analogy. 

Inferences founded on the resemblance of two indivi- 
duals to each other are distinguished as analogical. The 
earth resembles the planet Mars in certain qualities : it is 
therefore inferred by analogy that as the earth is in- 
habited by plants and animals, Mars is likewise inhabited 
by them. Such an inference will be only probable unless 
a causal connection can be established between the com- 
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mon qualities of the earth and Mars and the phenomena 
of plants and animals. Two brothers resemble each other 
in a number of qualities. What is true of one may be in- 
ferred of the other, if the quality inferred is connected 
with the qualities in which they resemble. The connec- 
tion may be one of causation between the common quali- 
ties and the quality inferred ; or the latter may follow 
from the former by way of deduction. Otherwise the 
inference will be only probable. 

Analogical inferences which cannot be brought under 
the Law of Causation depend on the Laws of Coexistence 
and Resemblance. Two individuals, A and B, resemble 
each other in a number of attributes, p, q, r, . 9 . A has 
an additional attribute t. That is, the attributes p, q, r, 
s, t are found coexisting in If ^ is causally connected 
with the other attributes, t will bo present also in B. 
The inference will then be certain and amount to an 
induction, being true not only of B but also of any 
other individual belonging to the class of A and possess- 
ing the attributes p, q, r, 5 , t. If there is no causal connec- 
tion between t and p, q, r, s, the inference will be prob- 
able, the degree of probability depending on the nature 
and number of the qualities in which B resembles A. If 
p, q, r, 8 are fundamental qualities of A and B, then 
which is found coexisting with them in A, will most 
probably be found coexisting with them in B, If p, g, 
r, 8, are only superficial qualities, then the probability of i 
being found coexisting with p, q, r,sm B because it occurs 
with them in A will be much less. We have examples of 
such inferences in Zoology and Botany. A fish resem- 
bles an amphibian (say a frog) in the possession of a 
backbone, a spinal cord and brain, and a heart ; the 
amphibian has organs of sense : the fish has therefore 
the organs of sense. The former has limbs ; the latter 
has therefore limbs. The inferences here are analogical 
and should be verified by observation. The inference 
the fish has organs of sense ” similar to those of the 
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amphibian is found tf) be true, while the inference it has 
limbs is not quite true, because instead of limbs like 
those of the frog it has fins which correspond to them 
and perform the function of locomotion, but are not like 
them in form and structure. The fossilised remains of 
an extinct animal resemble a living animal in, say, the 
possession of a backbone, a skull and limbs ; it may be 
inferred by analogy that the extinct animal resembled 
the living animal in the possession of such other organs 
as a heart, a nervous system and organs of sense, muscles 
and tissues as are possessed by the latter. Two plants 
resemble each other in the essential parts of their flowers 
as well as in their leaves, branches and general appear- 
ance; therefore they will resemble also in their fruit. 
This is an inference by analogy. Tlie fruit of one, as in 
the case of mango trees, may resemble that of another 
in form and size ; but the quality of one may be quite 
different from that of the other. A bird and a bat have 
flying organs and other superficial resemblances. What 
is true of one is not true of the other, because they 
differ in the more important and fundamental organs in 
virtue of which they belong to different classes of the 
backboned animals, the bat being a mammal. 

§ 4. (iii) Inductions of Succession or Causation. 

Whenever a causal connection can be established be- 
tween two phenomena, the relation between them gives 
rise to a valid induction. According to Mill the cause 
of a phenomenon is the sum of positive and negative 
conditions which being realised, the phenomenon in- 
variably and unconditionally follows. Take the pheno- 
menon of lighting a match by rubbing it on the surface 
of the box. The cause of the phenomenon of a lighted 
match is -the friction of a chemically prepared end of a 
little stick on the chemically prepared surface of the 
match-box. Here the phenomenon is a luminous flame, 
and its cause is a positive condition, viz. the presence 
of certain circumstances and a negative condition, viz. 
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the absence of certain other circumstances. The posi- 
tive condition consists of (1) a small stick duly prepared 
with necessary chemicals, (2) a chemically prepared sur- 
face of the match-box, (3) the skilful rubbing of the 
prepared end of the stick on the prepared surface, ( 4) 
the usual atmospheric condition. The negative con- 
dition consists of (1) the absence of damp in the atmos- 
phere, in the stick-end and on the prepared surface, 
(2) the chemical preparation of the end of the stick and 
of the surface of the box not having in the meantime 
disappeared or been badly affected, (3) the rubbing not 
being on a part of the surface which has, by previous use 
or otherwise, lost its chemical properties. In other words, 
the cause of the flame is the assemblage of the positive 
conditions, all counteracting circumstances being absent. 

These positive and negative conditions being fulfilled, 
the effect, namely, a luminous flame at one end of the 
stick, follows. The effect will not follow if any of the 
conditions which must be absent are present or if any of 
the positive conditions are absent. In the example given 
above, the rubbing would be popularly regarded as the 
cause of the phenomenon of lighting the match, though 
the chemical preparations of the stick and the surface 
are essential conditions of it. If the match is not lighted 
by the rubbing, the cause would popularly be con- 
sidered to be the dampness of the air — the absence of 
which is one of the negative conditions. There is thus 
great difference between Mill’s definition of the term 
Cause and its popular use. ^ It has been pointed out that 
it is desirable to use the term Cause neither in Mill’s 
sense nor in the popular sense, but in a sense inter- 
mediate between the two, that is, to mean the sum of the 
minimum conditions which being given, the affect in- 
variably follows. In the example of the lighting of a 
match, the minimum conditions would be the chemical 
preparations of the stick and the surface plus the rub- 
bing. These therefore should bo usually regarded as the 
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cause of the phenomenon, the conditions being severally 
regarded not as a cause of it but as essential or indispen- 
sable to it. 

§ 5. Mill regards the Law of Causation as the most 
certain law of Nature. Thougli he proves it by the 
method of Simple Enumeration, he thinks that there are 
no exceptions to it. All our experience, he says, con- 
firms it. If there were any exceptions, our experience 
would discover it. Scientific men in dealing with a phe- 
nomenon proceed on the assumptions (1) that it has 
another phenomenon or group of phenomena for its 
antecedents, and (2) that the same antecedents will always 
produce the same effect. When they are unable to 
trace a phenomenon to its antecedent, they try to find 
out the phenomena with which it co-exists and also 
the phenomena which it resembles. The phenomena 
coexisting with the one under investigation will give rise 
to an induction or law of coexistence. In the example 
given above, the phenomena coexisting with the given 
phenomena of a lighted match are ( 1 ) the heat of the 
flame, (2) the smoke which escapes from the flame, (3) 
the rise in temperature of the air in contact with the 
flame, (4) the smell of the gases produced, etc. All 
these phenomena coexist in the effect and form parts 
of it. In a scientific inquiry, therefore, the object is to 
find the phenomena connected with a given phenome- 
non under investigation. The connected phenomena may 
be those coexisting with the given phenomenon and thus 
suggesting the class of phenomena to which it belongs, 
or those preceding it. In the former case a law of Co- 
existence and along with it a law of Resemblance will be 
discovered, and in the latter case a law of Succession 
which may be shown to be a law of Cause and Effect. 
It may be further shown that the phenomena coexisting 
are joint effects of a common Cause ; and a law of 
Coexistence may be thus resolved into a law of Succes- 
sion or Causation. The light and heat of the flame are 
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coexisting phenomena in the above example and are 
joint effects of the common cause, namely, the rubbing 
of the stick- end on the surface of the box. 

The object of scientific investigation is to discover 
and prove the laws of Coexistence, Resemblance and 
Succession and to resolve them into laws of Causation 
among phenomena. 

§ 0. ' Inductions have been distinguished into (1) Per- 
fect and (2) Imperfect. A perfect induction is the in- 
ference of a general proposition after the examination 
of every individual belonging to a class. An imperfect 
induction is the inference of a general proposition after 
the examination of some individuals of a class. In the 
former, what is already known to be true of every indi- 
vidual belonging to a class is inferred of the whole class. 
In the latter what is known to be true of some indi- 
viduals of a class is inferred of the whole class. Every 
known planet is observed to go round the sun : the in- 
ference, from the particular observations of these know^n 
planets, of the general proposition “all the known planets 
go round the sun,” is a perfect induction, while the in- 
ference from the same observations of the general propo- 
sition “all planets go round the sun” is an imperfect 
induction. The former applies only to tlie planets that 
are known to us, while the latter applies also to thosc^ 
that may be discovered afterwards. All metals con- 
duct heat and electricity” is an imperfect induction as 
it applies to the elements known now to be metals and 
also to those that may hereafter be discovered to be 
metals, while the proposition “ all the metals conduct 
heat and electricity ” would be a perfect induction if it 
was inferred after the examination of all individual 
known metals and applied to them only ; but it would be 
an imperfect induction, if it was inferred from the ex- 
amination of some individual metals and applied to all 
the known metals. According to Mill an induction pro- 
per is an inference from the known to the unknown, 



THE DIFFERENT KINDS OF INDUCTION. lU 


from the observed to the unobserved on the ground of 
the Uniformity of Nature. In the case of a perfect in- 
duction there is no such transition ; there is, according 
to him, no inference at all. The so-called general propo 
sition or induction is merely a summary of the indivi- 
dual observations. A perfect induction is not, according 
to him, a generalisation but merely a summary state- 
ment of the particulars already known individually. It 
is true that, in a perfect induction, there is no inference 
from some to all individuals of a class as in the case of 
an imperfect induction, but in both there is reliance on 
the Uniformity of Nature. That all the known planets 
will continue to move round the sun, that all the known 
metals will retain all their properties and continue to 
conduct heat and electricity, ar^ inferred on the ground of 
the Uniformity of Nature and*^I^he perfect inductions may 
therefore claim to be recognised as inductions. Tn an im-' 
perfect induction, the principle of the Uniformity of Na- 
ture forms the ground of the transition from some to all as 
well as from the present to the future. Both perfect and 
imperfect inductions tlu^refore depend for their validity on 
the Uniformity of Nature. The inference that the sun 
will in future daily rise in the east and set in the west is an 
induction drawn from the instances of its rising in the east 
and setting in the west. That a particular tree will in 
future years bear fruit of the same quality as it has done 
in the past is an induction founded on the Uniformity 
of Nature. It will bear fruit of the same quality if the 
conditions of the soil and the atmosphere continue the 
same as before, but if either of these conditions changes, 
the fruit of the tree may be of a much inferior quality. 
The induction is drawn from the instances of its bearing 
fruit of the same quality in past years. We thus have 
inductions in regard to an individual thing as well as a 
class. 



CHAPTER VI. 

The Methods of Induction. 

§ 1. The different methods by which inductions arc 
established are 

(1) The Method of Simple Enumeration, 

(2) The Methods of Elimination by which the un- 
necessary circumstances can be excluded and the neces- 
sary or relevant circumstance or circumstances dis- 
covered as cause of a given effect or as effect of a given 
cause. Mill’s methods of experimental inquiry are me- 
thods of elimination. 

Given a phenomenon, it is required to find other 
phenomena connected with it. The phenomena connec- 
ted with it may be (1) those coexisting with it, (2) the 
antecedents or the consequents of it. In the second case, 
the phenemenon is given as an effect and it is required 
to find its cause ; or it is given as a cause and it is re- 
quired to find its effect. In the first case, it is required 
to find the phenomena coexisting with the given pheno- 
menon, no distinction being made between antecedents 
and consequents. 

§ 2. VThe Method of Simple Enumeration. 

The Method of Simple Enumeration is the most an- 
cient as well as the most popular method of induction. 
The earliest knowledge of mankind in regard to natural 
phenomena and human life and society is founded on 
this method. Children acquire their knoMedge of 
things from a very early period of their life by this 
method. They instinctively believe that what has hap- 
pened once will happen again under the .same circum- 
stances. The burnt child dreads the fire. 
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'^The Method of Simple Enumeration consists in infer- 
ring a general proposition from instances of a pheno- 
menon, observed in Nature or in human affairs, without 
systematic attempt at the analysis of the pheno- 
mena and the discovery of the true cause or the true effect 
by the elimination of the circumstances which are irrele- 
vant or unnecessary. It does not seek and consider 
the negative instances, that is, instances in which the 
phenomenon is absent. It simply states the instances 
in which the phenomenon occurs and generalises on the 
basis of those instances. The validity of the induction 
thus drawn depends on the number of the instances ob- 
served and the possibility or probability of there being 
contrary instances. If the induction, as in the case of 
the proposition “ all animals are mortal,” is confirmed 
by all our experience, it is accepted as true. If, on the 
contrary, it is contradicted by some contrary instances 
as in the case of the proposition all plants have flow- 
ers,” it is modified and limited in extent. 

§ 3. Symbolical Statement of the Method of Simple 
Enumeration. 

(1) Let the given phenomenon be represented by A 
and the phenomena or circumstances coexisting with it 
by B, C, D, E &c. Observe the phenomenon A in a 
number of instances in which it happens, and let the 
instances be represented as follows without any distinc- 
tion of antecedents and consequents : — 

ABODE 
A F G H E 
A K L M E 

These instances prove that A and E are connected : 
both may.be joint effects of a common cause or one may 
be cause and the other effect. Other instances of A 
may be observed and the connection of A with E con- 
firmed by them. 

(2) Observe the phenomenon .4 in a number of in- 

B 



34 


INDUCTIVE LOGIC. 


stances in which the antecedents are distinguished from 
the consequents, the former being represented by capital 
letters and the latter by small ones. 

Let the instances be as follows : — 


ABC 

pqr 

ABB 

pqs 

ABE 

p s t 

etc. 

etc. 


Here A is the antecedent given and p the consequent 
found connected with it in the above instances : p is 
therefore an effect of In the reverse case, in which 
the phenomenon given is a consequent, represented by 
p, the above instances will indicate that ^ is a cause of 
the effect p. 

The instances in both cases may be multiplied with- 
out any attempt at elimination or exclusion of unneces- 
sary or irrelevant consequents in one case, and of un- 
necessary or irrelevant antecedents in the other case. 
Other instances may be observed and may be represent- 
ed as follows : — 


A B K 

p q 71 

AC h 

p r V 

A E H 

p t V 

etc. 

etc. ; 


A standing as before for the given antecedent pheno- 
menon in one case and p for the given consequent pheno- 
menon in the other case. 

§ 4. Concrete Examples. 

( 1 ) The given phenomenon is the presence of flowers 
in plants ; it is required to find the other phenomena 
with which it is connected. Taking some inTstances of 
higher plants, it is found that the phenomenon of flow- 
ers is connected with the phenomena of the presence of 
leaves, branches, roots in the same plant, and the induc- 
tion drawn from them is that all these phenomena co- 
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exist in all higher plants. Do they coexist in all plants ? 
The instances of lower plants such as ferns and mosses, 
which are flowerless, sliow that those phenomena do not 
coexist in all plants. Are they connected eansallv ? 
Are flowers cause or effect of roots, branches and leaves ? 
Are they all joint effects of a common cause ? These 
questions come under the investigation of a Botanist. 
The popular answer would be that all tliose parts of a 
plant are connected and produced alike by the plant 
which is the result of the germination of a seed. At 
first only a little root and two leaves are produced from 
the seed under proper conditions of soil, air, light and 
heat, and this little plant grows and gradually produces 
all the parts including the trunk. 

(2) The given phenomenon is the backbone of an ani- 
mal ; it is required to find otit the other phenomena with 
which it is connected in an animal. 

Taking some instances of animals having a backbone, 
it is found that it is connected with a head, limbs, a 
heart, a nervous system and organs of sense, etc., and 
the induction is drawn from these instances that these 
parts coexist in all animals possessing a backbone. On 
further observation it is found that all fishes, all amphi- 
bia (frogs, etc.), all reptilia (snakes etc.), all birds and all 
mammalia including man have these parts coexisting in 
every individual. Are they causally connected ? Ts the 
backbone the cause or effect of the others ? Are they 
joint effects of a common cause ? These questions come 
under the investigation of the comparative Anatomist 
and Embryologist. The popular answer would be on the 
same lines as in the preceding example. 

(3) Given the yellow colour of a piece of gold as the 
phenomepon under investigation. The connected 
phenomena would be the chemical and physical (other 
than the colour) qualities of gold possessed by each 
sample. They all coexist with the yellow colour in every 
molecule of gold. They are, as we say, inherent in it 
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and cohere in the substance gold. Are they causally 
connected? Can we say some are cause and some 
others are effect ? Are they all joints effects of a com- 
mon cause ? These questions belong to the sciences of 
Physics and Chemistry. 

(4) Take the phenomenon of a lighted spirit lamp given 
as an antecedent and observe the instances of its heating 
and expanding water, oil, mercury, etc., in a flask. 
Here the antecedent phenomena are the lighted spirit 
lamp, a liquid (water, oil, mercury), and a flask. The 
consequent phenomena are the liquid expanded in the 
glass flask over the lighted spirit lamp. From these 
instances, it may be inferred that the expansion of 
the liquid is the effect of the given antecedent, the 
lighted spirit lamp. ‘""Taking the expansion of the liquid 
as the given phenomenon, it may be inferred that the 
lighted spirit lamp is the cause of it. ^^he induction 
is that heat expands liquids. Another phenomenon 
common to all the consequents, which could be easily 
observed by touch or by a thermometer, is the rise of 
temperature of the liquid. This is also an effect of the 
given cause, the lighted spirit lamp. The induction is 
that heat raises the temperature of liquids. What is the 
relation of the two effects, expansion and rise in tem- 
perature of the liquids, to each other ? Are they co- 
existent or one antecedent and the other consequent ? 
They take place simultaneously and appear to be joint 
effects of the same cause, heat. 

§ 5. ^According to Mill the Laws of Thought, the Ax- 
ioms of Geometry, the Principles of the Uniformity of 
Nature and of Causation, etc., are generalisations from ex- 
perience by this method. “"They are regarded and accepted 
as universally true because there are no exceptions to 
them, because they are confirmed by all our experience. 
(1) The axiom that things equal to the same thing are 
equal to one another, is a generalisation from the innumer- 
able instances in which we find that two things equal to 
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tlie same thing are equal to each other. *"(2) The Law of 
Thought, that a thing cannot have two coiitradictory 
attributes — that A cannot at the same time be B and 
not"J? — is a generalisation from our experience that B 
and not-B are never found coexisting in one and the 
same subject, that tj^e presence of' jB in a thing means 
the disappearance of not-jB, aim the presence of not-iS 
the disajipearance of B^ that the two ideas B and not-B 
cannot in any case exist together, i (3) The proposition 
that ever^ phenomenon is preceded by another pheno- 
menon, is a generalisation by this method. In all in- 
stances of phenomena in the external world, we find that 
a phenomenon has always another phenomenon for its 
antecedent. The induction is confirmed by all our ex- 
perience of physical phenomena. It forms the basis of 
Mill’s Law of Causation which he applies not only to all 
physical but also to mental phenomena. 



CHAPTER VIT. 

(2) The Methods op Elimination. 

§ 1. Mill’s Methods of Expewmental Inquiry are 
methods by which the cause of a given effect or the 
effect of a given cause is determined by the elimination 
of the irrelevant or unnecessary circumstances. 

Let p be a given effect ; it is required to find its cause. 

Observe or produce by experiment an instance in 
which p occurs. Analyse the antecedent circumstances 
of the instance and represent them hy A, C. In this 
case the cause of p may be the aggregate of the three 
circumstances A B C ov ^ combination of any two of 
them, A By ov A C, or B (7, or any single circumstance 
Ay ov By or C, The effect p may be of such a nature 
that it requires the interaction of all the three circum- 
stances to produce it. On this supposition the cause of 
p will be the sum of the circumstances ABC. Or the 
effect p may require the interaction of only two circum- 
stances and these may be either A By or A C, or B C. 
Or the effect p may be produced by one circumstance 
only, and this may be or By or C. 

§ 2. In Nature we have instances of phenomena 
which are produced in the several ways noted above. 
For example, the sensation of light is produced by (1) a 
luminous object, (2) the organ of sight, and (3) the 
faculty of seeing. These three are necessary to produce 
any sensation of light. They must therefore be taken 
together and regarded as the cause or indispensable con- 
ditions of the effect — a sensation of light. 

The growth of a plant by the germination of a seed is 
brought about by the interaction of agents such as the 
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soil, the moisture, the heat and light of the sun, the air of 
the atmosphere, the vitality of the seed itself — all of 
which should be taken together and regarded as cause or 
indispensable conditions of the phenomenon . v In chemical 
actions, the elements producing a compound must jointly 
be regarded as the cause of the compound produced, 
^rhe effects in these cases are quite unlike the effects of 
the individual circumstances or agents whicli jointly by 
their interaction produce them. ^ 'There are, again, in- 
stances of phenomena in which the effect is the sum of 
the effects of the several antecedents whicli jointly pro- 
duce it. In these cases each of the several antecedents 
})roduces the same kind of effect. The simplest example 
of such cases is the action of two forces on a body in 
the same direction, producing an effect which is the sum 
of the effects of the two forces. Two forces acting on a 
body in opposite directioiis will produce an effect which 
is the difference of the effects of the two forces. Two 
forces acting on a body at an angle will move the body 
in a direction which can be determined by the parallelo- 
gram of forces, the sides representing the two forces 
and the diagonal representing the resultant motion as 
the effect. A liquid may be heated by three different 
lamps of spirit, kerosine and mustard oil ; the effect 
will be the sum of the effects produced by them, as each 
antecedent produces the wsame sort of effect, namely, the 
expansion and rise in temperature of the liquid. A 
room may be lighted by ten candles, the effect produced 
by each candle being a certain degree of luminosity ; 
the total effect is the sum of the effects produced by all. 
In these cases, some of the antecedents may be removed 
without changing the nature of the effect. 

In determining the causes of phenomena, it must, there- 
fore, be remembered that the cause of a phenomenon 
may consist either of antecedents which jointly produce 
an effect which is quite different from the effect of each 
of them, or of antecedents which produce an effect which 
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is of the same nature as the effect of each of them. 
Mill calls the former Chemical or Heteropathic Intermix- 
ture of effects and the latter Mechanical or Homogeneous 
Intermixture of Effects. In the Mechanical, the effect is 
the sum of the effects of the several antecedents ; and 
the cause is equivalent to the effect. To this fact is due 
the idea that the cause and its effect are identical or 
equal. This is true in the causation of the phenomena of 
Physics where all the causes produce some sort of 
motion. This is hardly true in Chemistry, and much 
less in Biology and not at all in Psychology. In Chemis- 
try^ the weight of the constituent substances taken to- 
gether is found, by experiment, to be equal to the weight 
of the compound produced ; and this is the only pro- 
perty in which they agree : in other respects the proper- 
ties of the compound are quite different from those of 
the constituent substances. For example, the proper- 
ties of water are quite different from those of hydrogen 
or oxygen. In Biology, the form and the qualities of the 
plant produced by the germination of the seed are quite 
different from those of the antecedent agents. So are 
also the forms and qualities of the leaf, the flower, the 
fruit, etc., which the plant gradually produces, from those 
of the ingredients of the soil and atmosphere, under the 
influence of the sun. In Psychology, the sensation of 
light is quite unlike the antecedents.. So are also other 
sensations unlike their antecedents. ^ The mental pheno- 
mena are quite different from their physical antecedents. 
As biological phenomena are to a great extent determined 
by the vitality and nature of the seed, so are also the 
phenomena of the mind determined mainly by the na- 
ture and faculties of the mind itself. Some philosophers 
maintain that they are entirely due to the mind itself 
and that the relationship between the mental pheno- 
mena and th^ corresponding physical antecedents is 
merely one of concomitance, while others hold that there 
is interaction between them — that in sensation, for 
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example, a psychical phenomenon is produced in the mind 
by some physical antecedents and that in voluntary 
action, on the other hand, a physical phenomenon is 
produced by some mental antecedents. In any case the 
mind itself must be regarded as an essential condition 
of every mental phenomenon. 

§ 3. ^Given an effect p, it may be produced by several 
distinct causes. / Heat, for example, may be produced by 
mechanical action such as rubbing or by chemical action 
such as the union of hydrogen with chlorine. Motion 
may be produced by steam or by electricity. Death 
may be caused by various diseases. It may be brought 
about by the failure of the heart, by the decay of the 
lungs or by the stoppage of the function of some vital 
part of the brain. Sensations may be produced by exter- 
nal objects or by subjective causes, that is, by changes in 
the brain or in the organs of sense of the organism itself. 
Germination of a seed may be brought about by artifi- 
cial means as well as by natural causes. There are thus 
many instances of phenomena where an effect of the 
same kind is produced by causes which are distinct and 
separable from one another. In one instance the effect 
is produced by one cause and in another instance the 
same effect is produced by another cause quite distinct 
from the first. j/Tliere is thus in Nature the fact of a 
plurality of distinct causes of an effect of the same kind. 
This fact must be recognised and allowed for in applying 
the Methods of Elimination for the discovery and proof 
of the cause of a given effect. 

It has been pointed out that‘ these cases of a plurality 
of causes of a given effect arise from our overlooking 
the collateral circumstances of the given effect. ^ If all 
the consequent circumstances are taken into considera- 
tion, it would be found that the same consequents are 
always produced by the same antecedents, that the 
given effect p is only one of the many circumstances 
which together form the complex effect of the many 
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antecedent circumstances which together constitute 
the complex cause. Death by heart failure has, for ex- 
ample, collateral circumstances which are different from 
those of death by the decay of lungs or by some other 
cause. The phenomenon of death is common to the 
several instances of dying ; but the other circumstances 
connected with it are different in each case. The pheno- 
menon of the production of beat is likeAvise common to 
the different instances in which heat is })roduced by 
mechanical or by chemical action, but the other circum- 
stances connected with it are different in each case. 
So the fact of a plurality of causes of the same effect 
is due to our overlooking all the circumstances of a 
complex consequent, except that one which is given 
as an effect and which is present not only in the instance 
under consideration but in many other instances. 

§ The Canons of Mill’s Methods of Experimental 
Inquiry. 

Mill’-s experimental methods of inquiry proceed on the 
assumption of the truth of the two fundamental prin- 
ciples of Causation and Uniformity of Nature. They 
are conducted according to certain laws or rules which 
he calls the'^Canons of the Methods, In Appendix D of 
my Text-book of Deductive Logic, I have shown that the 
canons follow from the two laws of Causation and Uni- 
formity of Nature. 

■^The law of Causation implies the two propositions — 
(1) every phenomenon has a cause and (2) the cause of 
a phenomenon is the invariable or, as Mill says, the un- 
conditionally invariable antecedent of the phenomenon. 
The law of Uniformity of Nature means that (3) the 
same cause or antecedent will, under the same circum- 
stances, produce the same effect or consequent. From 
the second proposition of the first law follows (4) “what- 
ever antecedent can be left out, without prejudice to the 
effect, or whatever antecedent can be present, without 
the effect being present, can be no part of the cause ” ; (6) 
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‘'when an antecedent can not be left out, without the 
consequent disappearing, such an antecedent must be 
the cause or part of the cause ” ; ( 6) “ an antecedent and a 
consequent rising and falling together in numerical con- 
comitance are to be held as cause and effect”; (7) “ if 
two or more instances of a phenomenon under investi- 
gation have only one circumstance in common, that cir- 
cumstance is the cause (or effect) of the phenomenon ” ; 
and (8) “if an instance where a phenomenon occurs and 
an instance where it does not occur have every circum- 
stance in common except one, that one occurring only 
in the first, the circumstance present in the first and 
absent in the second, is the cause or a part of the cause 
of the given phenomenon.” 

The proposition marked (7) is the canon of the Method 
of Agreement. The proposition marked (8) is the 
canon of the .Method of Difference. The proposition 
marked (6) is the canon of the Method of Concomitant 
Variations. The joint Method of Agreement and Differ- 
ence is really a method of agreement both in presence 
and absence. The canon consists of the two proposi- 
tions marked (7) and (5). The Method of Residues is 
an experimental method which is aided by the Method 
of Deduction. The propositions marked (4) and (5) are 
the rules respectively for the elimination of irrelevant 
and unnecessary circumstances and for the detection 
and proof of the cause of a given effect. 



CHAPTER Vlll. 


The Method of Agreement and the Joint 
Method. 

I. Method of Agreement. 

§ 1. The canon of the Method is: — If two or more 
instances of a phenomenon under investigation have 
only one circumstance in common, that circumstance is 
the cause (or effect) of the phenomenon. 

Mill proceeds on the assumption that the phenomenon 
under investigation, if it is an effect, has only one dis- 
tinct cause and that it is not the result of an intermixture 
of effects of several antecedents. He further assumes 
that the antecedents and the consequents of an instance 
of the phenomenon under investigation may be analysed 
into circumstances which are simple and separable from 
one another. 

Let the phenomenon under investigation be an effect 
represented by p and two instances of it be represented 
as follows : — 

(1) ABC ,. . pqr 

[2) A D E . , . . p s t 

where ABC are the simple antecedents and pqr the 
simple consequents of one instance ; and A D E the sim- 
ple antecedents and p s t the simple consequents of the 
other. The given phenomenon p as an effect is present 
among the consequents of both the instances, q r being 
the collateral circumstances in one and s t in the other. 

From (1), D E cannot be any part of the cause of 
according to proposition (4) marked in Chapter VII, Sec- 
tion 4, that is, the rule, “ Whatever antecedent can be 
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left out, without prejudice to the effect, can be no part 
of the cause.” 

From (2), JS (7 cannot be any part of the cause of p, 
according to the same rule. 

From (1) and (2), it may therefore be inferred that the 
one simple antecedent circumstance, A, which is com- 
mon to both the instances, is the cause of according to 
the canon of this Method. 

This inference is true (1) if p has only one distinct 
cause and (2) if it is not the result of an intermixture of 
the effects of several antecedents. 

§ 2. Plurality of Causes and Intermixture of Effects. 

(1) If p has a plurality of distinct causes, there may be 
two other instances of it represented as follows : — 

{l)FGH plm 

(2) F I K p n o 

From those two instances it may be inferred that F is a 
cause of p. 

There may be other instances where p is produced b}^ 
other distinct causes. 

(2) If p is the result of an intermixture of the effects 
of several antecedents, then a combination of any two 
antecedents A B, or A C or B Cy or the aggregate of all 
the three antecedents ABC may be the cause of p in 
the first instance of the first example. In the second in- 
stance of the same example, A D, or A E, or D E, or 
A D E, any one of these combinations of antecedents, 
may be the cause of p, In such a case the Method of 
Agreement is not applicable. The cause of the pheno- 
menon cannot be found by this method. *^There will then 
be no one circumstance common to the antecedents of all 
the instances of the phenomenon. Suppose p is the 
result of the intermixture of the effects of A J5, then 
there may be two instances of it as follows : — 

(1) '^CD pqr 

(2) ABE H pst 
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From (1) and (2), it may be inferred that AB is tlie 
cause of p. If p has a plurality of distinct combinations 
of antecedents as causes, then there may be instances of 
it as follows : — 

K pirn 

(2) FGI L pno 

From (1) and (2), it may be inferred that is the 
cause of p. 

Thus p may have a plurality of causes also in the 
case of its being the result of an intermixture of effects. 
<- ' Mill points out that when the phenomenon under 
investigation is the result of a homogeneous or mechani- 
cal intermixture of effects of several antecedents, the 
investigation of its cause or causes should be conducted 
according to the Deductive Method, y 

It may be pointed out that when the phenomenon under 
investigation is the result of an heterogeneous or chemi- 
cal intermixture of effects of several antecedents, its 
cause may be investigated by the Method of Agreement. 
The one common circumstance among the antecedents 
of the phenomenon will then be not simple but com- 
pound or complex, consisting of several antecedents, as 
for example, in the case of the sensation of light, or the 
germination of a seed, or the production of water from 
the union of hydrogen and oxygen. 

When p has several distinct causes, for example. A, 
F, etc., it may be found on careful scrutiny of F etc., 
that each of them is complex, consisting of two or more 
simpler circumstances; and that among these there is 
some circumstance which is common to them all. This 
will be then a case of intermixture of effects, as p will 
be produced by the circumstance common to F, etc., 
plus the circumstance or circumstances in which they 
differ. It may be that the common circumstance is a 
merely nominal antecedent and cannot be regarded as 
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the cause of p, though such an inference would be justi- 
fied by the Method of Agreement. Whether such an 
antecedent is the cause or not may be verified by the 
Method of Difference. V 

§ 3. Examples : 

1. Cold applied to water in an iron vessel freezes it. 
Cold applied to cocoanut oil in a glass bottle freezes it. 
Therefore cold is the cause of freezing. The pheno- 
menon under investigation is that of freezing. Cold is 
the one common circumstance present in the ante- 
cedents of the two instances of the phenomenon and is 
therefore its cause. 

2. Heat applied to the frozen water in the iron vessel 
melts the water. Heat applied to the frozen cocoanut 
oil in a glass bottle melts the oil. Therefore heat is the 
cause of melting. 

3. Attention paid to a perception leads to its retention 
in memory. Attention paid to an idea leads to its reten- 
tion in memory. The phenomenon under investigation 
is that of retention in memory of a mental state. Atten- 
tion is the common circumstance in the antecedents of 
the two instances of the phenomenon. Therefore atten- 
tion is the cause of the phenomenon of retention. 

4. Prove the following propositions by the Method of 
Agreement : — 

(i) Heat is the cause of the expansion of material 

bodies. 

(ii) A luminous object is a condition of the sensation 

of light. 

(iii) An organ of sense is a condition of a sensation. 

(iv) Contiguity is a cause of the association of mental 

phenomena. 

(v) Resemblance is a cause of the assimilation of men- 

tal phenomena. 

II. The Joint Method of Agreement and Difference oi 
the Method of Agreement both in Presence and Absence. 
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§ 4. The Canon of the Method is : — ‘‘ If two or more 
instances of a phenomenon under investigation have 
only one circumstance in common, while two or more 
instances in which the phenomenon does not occur have 
nothing in common except the absence of that circum- 
stance, the circumstance in which the two sets of instan- 
ces differ is the cause ^or effect) of the phenomenon, 
provided both the sets of instances belong to the same 
department of inquiry ” 

Let p, an effect, be the phenomenon under investiga- 
tion and the instances in which it occurs be represented 
as follows : — 

I. Positive instances — 

ABC p q r 

A D E p St 

A F G p u V 

Let the instances in which p does not occur be repre- 
sented as follows : — 

II. Negative instances — 

C H F r w X 

B D K qy z 

E 0 M i h n 

From the first set of instances it may be inferred by 
the Method of Agreement that '‘A is the cause of p,” 
under conditions which have been discussed under that 
Method. "This inference is confirmed by the second set 
of instances in which both A and p are absent, and 
which therefore show according to rule 4 given in Chap- 
ter VII, Section 4, that the antecedents B, G, Z>, E, F, G 
which are present in one or other of the three positive in- 
stances as well as of the three negative instances, ^without 
the effect p being present in the latter, cannot be the cause 
of p. ^The inference drawn from the first set is confirmed 
by the second set, by excluding all the antecedents except 
A in the positive instances from the category of the 
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c;aiise of /?. There is thus agreement of A with p in botli 
presence as in the positive instances and in absence as 
in the negative instances. The negative instances should 
be selected from the department of inquiry, to which p 
belongs ; and if they could be made exhaustive in that 
department, the inference would be of great value, v In 
the symbolical example given above the common letters 
show that the two sets of instances are taken from the 
same department. vBut it would still be true only under 
the conditions discussed under tlie Method of Agree- 
ment. 

§ 5. Examples: 

Prove the following propositions by the Joint 
Method : — 

(1) Cold is the cause of the freezing of water. 

(2) Heat is the cause of the melting of ice. 

(3) A luminous object is an indispensable condition 

of a sensation of light. 

(4) The faculty of hearing is an indispensable condi- 

tion of a sensation of sound. 

( 5) Attention is the cause of the retention of a men- 

tal state. 

(6) Contiguity is a cause of the association of mental 

phenomena. 

(7) Resemblance is a cause of the assimilation of 

mental phenomena. 



CHAPTER IX. 


ITT. The Method of Difference. 

§ 1. The Canon of the Method is : — ‘‘If an instance 
where a phenomenon occurs and an instance where it 
does not occur have every circumstance in common 
except one, that one occurring only in the first, the 
circumstance present in the first and absent in the second 
is the cause, or a part of the cause, of the given pheno- 
menon.” 

Let the given phenomenon be p and the two instances 
be represented as follows : — 

{\) A B C . . . . p q T, 

(2) BG .. qr. 

Here the two instances, in the first of which p occurs 
and in the second it does not occur, have every circum- 
stance in common, except A : the circumstance A^ occur- 
ring only in the first and absent in the second, is, there- 
fore, the cause or a part of the cause of p. 

Taking the example of lighting a match, p would be 
the flame, q r its cpllai^ral effect^, A the rubbing and B C 
the other antecedent circum^stonces, the stick and the 
surface. The two instances would be (1) the antece- 
dents and consequents after rubbing when the ejSect, the 
flame, is produced, and (2) the antecedents and conse- 
quents before rubbing. They agree in every circumstance 
except one, namely, the circumstance of rubbing ; this 
circumstance is therefore the cause of the flame. This is 
a popular statement of the circumstances ; and the rub- 
bing is regarded as the cause of the effect. In a scienti- 
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fic statement it would be necessary to follow the se- 
quence of the phenomena more closely. The rubbing 
produces a little heat which brings about a union of the 
chemical substances of the stick and the surface, pro- 
ducing some gaseous products and more heat. This 
heat raises the temperature of the gases, causing the 
kindling of the stick and the flame. Between the rub- 
bing and the flame there are several phenomena connected 
as cause and effect. >/The flame is a remote effect of the 
rubbing. The immediate effect of the rubbing is the 
production of the little heat which again acts as an ante- 
cedent and produces along with other antecedents cer- 
tain effects which bring about the kindling of the stick. 
Scientifically, therefore, the inference which can be 
drawn from the two instances is that the rubbing is the 
cause of the little heat which is necessary to bring about 
the union of the chemical substances and is only a remote 
condition of the flame. ^ This concrete example shows 
that the two instances should be, strictly speaking, in 
immediate succession — that there should be no lapse of 
time and no other links between them, and that they 
should be identical in all respects except in the ante- 
cedent circumstance which produces the effect ; and that 
this effect is the immediate change brought about by the 
antecedent and not the remote consequent which may 
be produced by the effect acting as an antecedent along 
with other antecedents as a cause. The flame is such 
a remote consequent and is produced by the conjoint 
action of several antecedents. Each of these antecedents 
may be proved by the Method of Difference to be a part 
of its cause. 

In the case of a sensation of light, the physical con- 
ditions are ( 1) a luminous object and (2) the eyes with the 
nerves and brain, and the mental conditions are (3) the 
faculty of vision, and (4) attention ; and it can be proved 
by the Method of Difference that each of these condi- 
tions is a part of the cause of the phenomenon of the 
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sensation of light. When all these conditions are fulfilled 
a sensation of light is produced ; and when any one of 
these conditions is wanting the sensation is not produced. 

In the case of the germination of a seed, it may be 
proved by the Method of Difference that the conditions of 
the soil, the moisture, the heat and light of the sun, and 
the atmospheric air are parts of the cause of the phenome- 
non. Each of these may be alternately supplied to, and 
removed from, the seed and the effect observed. The 
difficulty lies in making the experiments, securing all the 
conditions required. 

In the examples given above, the effect p is the result 
either of a single antecedent as in the case of the heat 
produced by the rubbing or of an heterogeneous inter- 
mixture of the effects of several antecedents. In the 
former case the single antecedent is the cause, and in 
the latter each of the several antecedents is a part of 
the cause of the phenomenon. In the symbolical state- 
ment of the latter, A would be a complex group of ante- 
cedents, and p an effect which is produced by the con- 
joint action of the several antecedents. The positive 
instance in which the effect is present would be repre- 
sented as follows : — 

ABC DE .. pqr 

where three different antecedents conjointly produce 
the effect p, D E being the other antecedents and q r 
being the other consequents. A negative instance in 
which p is absent would be as follows : — 

BC D E . , , . q r 

proving that A is a part of the cause of p, or as fol- 
lows : — ’ 

AC DE .. .. qr 

proving that 5 is a part of the cause of p, or as fol- 
lows ; — 
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AB DE . . qr 

proving that (7 is a part of the cause of p. 

These three negative instances with the one positive 
instance would respectively prove that each of the three 
antecedents jS, C is a part of the cause of p, while a 
single negative instance D E . .. q r, with the positive 
instance A B C D E , , , .p q r would prove that the 
three antecedents A, B, C are jointly the cause of p. 

§ 2. If p is the result of a homogeneous intermixture 
of the effects of several antecedents, then its cause cannot 
be found by the Method of Difference. Let p be the 
sum of the effects of A and B, q r the collateral conse- 
quents and C D the collateral antecedents, then the in- 
stance in which p is present will be represented as fol- 
lows : — 

AB CD .. pqr 

If A is absent in the second instance and B is present in it, 
p will be still partly present in it as p is the result of the 
sum of the effects of both A and B. Thus the negative 
instance in which p is entirely absent will not be avail- 
able ; and the Method of Difference will be inapplicable 
in such cases. ^ Mill points out that such cases should be 
investigated by the Deductive Method. 

If ^ 5 be taken together as a complex or compound 
antecedent consisting of two conditions or circum- 
stances, then A B may be inferred to be a cause of p 
from these two instances : — 

AB CD . . pqr 

CD .. .. qr. 

But in order to find the effect of A, it would be neces- 
sary to deduct from p the effect of B ; and this would be 
done according to the rules of the Deductive Method : 
that is, the effect of each of the two antecedents being 
known by previous inductions, the effect of their inter- 
action would be determined by the Deductive Method. 
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§ 3. Examples : 

(1) Heat applied to water in a vessel raises its tem- 
perature and is therefore the cause of the rise of its tem- 
perature. The two instances are (1) heat applied to 
water in a vessel raising its temperature and ( 2) water in 
a vessel without any heat being applied to it. The phe- 
nomenon under investigation is the rise of temperature 
of the water. It is present in the first and absent in the 
second. The one circumstance, application of heat, pre- 
sent in the first and absent in the second is, therefore, the 
cause or a part of the cause of the rise of temperature. 
The two instances agree in everything except in the one 
circumstance, application of heat. 

(2) An external object is an indispensable condition 
of a sensation. This proposition can be proved by the 
Method of Difference in the case of the several senses, (1) 
by having an appropriate external object affecting the 
special organ of sense of a person and his attending to it 
in one instance (positive) and (2) by removing the object 
in the other instance (negative) so that his organ of sense 
may not be affected by it. From two such instances it 
may be inferred that the object is a cause or a part of 
the cause of the sensation. 

(3) By similar observations or experiments it may 
be inferred that attention on the part of a person is an 
essential condition of the consciousness of a sensation. 
His organ of sense, say, that of hearing, may be affected 
by a sound ; but he will not be conscious of it if he is 
deeply attending to something else, that is, the con- 
sciousness of a sensation of sound depends on his attend- 
ing to it. A student intently listening, say, to a lecture 
in the class, does not often hear the bell. A person 
deeply absorbed in study does not hear even when he is 
called loudly. 

(4) Prove the following propositions by the Method 
of Difference : — 

(i) Cold is the cause of freezing. 
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(ii) Heat is the cause of the melting of ice. 

(iii) A special organ of sense is an indispensable condi- 

tion of sensation. 

(iv) Attention and repetition are the causes of the 

retention of a mental state. 

(v) The development of a faculty depends on its 

exercise. 

(vi) Life is the cause of the orgajiisation of a body. 

(vii) Mind is the cause of feelings. 



CHAPTER X. 


TV. The Method of Conc’omitant V'mumhons. 


§ 1. The Canon of the Method is : — An antecedent 
and a consequent rising and falling together in numerical 
concomita'nce are to be held as cause and effect.” 

A more accurate statement would be as follows : — 

Whenever an antecedent and a consequent of a pheno- 
menon vary together in a certain manner either directly 
or inversely, that is, both increasing together or one in- 
creasing and the other decreasing, the antecedent is 
either the cause, or a part of the cause, of the conse- 
quent. 

A more comprehensive statement would be as fol- 
lows : — 

Two circumstances of a phenomenon varying together 
in a certain manner, that is, either increasing together 
or one increasing and the other decreasing, are causally 
connected, that is, connected as cause and effect or as 
joint effects of a common cause. 

Let A be an antecedent and j) a consecjuent, the two 
rising and falling together as represented in the following 
instances 

1. 


(1) A B C . . 

(2) 2 A B' C\, 

(3) 3 A B" (r 

etc. 


/> q r 

2 p q' r' 

3 p q" r" 

etc.^ 


In these three instances, p increases as A increases : A 
is therefore the cause of p. The collateral circumstances 
of p change with the connected antecedents of A, 
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There may, however, be instances where they remain 
unchanged as represented below : — 

II. 

(1) ABC 
{2)2 ABC . 

(3) ABC. 

In the two sets of instances given above, a consequent 
and an antecedent rise together. When the antecedent 
is doubled, the consequent is doubled. The relation be- 
tween the two may not always be so simple, t 'All that 
the Canon requires is that the two should vary together 
according to some definite numerical relation. 

The Method of Concomitant Variations may be regard- 
ed as an extension of the Method of Agreement in the 
case of the first set of instances, and as an extension of 
the Method of Difference in the case of tlie second set 
of instances. The inference drawn by this method is 
therefore subject to tlie conditions discussed under those 
two methods. \ 

It is sometimes stated that the Method of Concomi- 
tant Variations is a method for determining the quanti- 
tative relation between an antecedent and a consequent, 
when a qualitative relation between them has been estab- 
lished by the Methods of Agreement and Difference, 
These two methods may prove that a particular ante- 
cedent is a cause or a part of a cause of a particular con- 
sequent and the Method of Concomitant Variations may 
then find and prove the quantitative relation between 
them. 

The Method of Concomitant Variations can be applied 
to determine the qualitative or the quantitative relations 
between two or more circumstances of a phenomenon, 
when they cannot be separated from it and when tlie 
Method of Difference cannot therefore be applied. In 
the first four examples given below, the gravity, inertia, 


pq r 

2 p q r 

3 p q r 
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attraction and weight of a body cannot be separated from 
it and the Method of Difference cannot therefore be ap- 
plied to determine the effect of any one of these circum- 
stances. In such cases the Method of Concomitant 
Variations is of great use and is the only method which 
can be applied to them. ' It may then be regarded as an 
extension of the neglected Method of Simple h]numera- 
tion by combined observation and experiment. 

§ 2. Examples : 

• (1) The attraction of a material body for another 
varies directly as its mass : that is, as the mass of a 
body increases, its attraction for another body also in- 
creases : therefore, the antecedent, the mass of a body, 
and the consequent, its attraction for another, are cause 
and effect. 

(2) The weight of a body varies directly as its mass on 
the same part of the surface of the earth, that is, as 
the mass of a body increases, its weight also increases in 
the same place : the antecedent, the mass of the body, 
and its weight arc cause and effect. 

(3) The weight of a body varies inversely as its dis- 
tance from the centre of the earth. In this ease, as the 
distance of the body increases its weight decreases ; and 
as the distance decreases the weight increases : therefore 
the weight of a body and its distance from the centre of 
the earth are causally connected. 

(4) The attraction of a body for another varies inverse- 
ly as its distance from that body ; that is, as the dis- 
tance increases the attraction decreases; therefore the 
attraction of a body for another and its distance from 
that body are causally connected. 

In these examples, a certain antecedent and a certain 
consequent vary in a certain manner : in some cases as 
one increases, the other increases ; in some others as one 
increases, the other decreases : the inference drawn by 
the Method of Concomitant Variations is that the ante- 
cedent and the consequent are causally connected, — that 
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the antecedent is the cause or a part of the cause of the 
conseqtient. 

V If the circumstances of the phenomenon of the attrac- 
tion of a material body for another are regarded as co- 
existing and therefore incapable of being distinguished 
as antecedents and consequents, then the circumstances 
of its mass, its attraction, its weight and its distance from 
the centre of the earth, varying together in a certain 
manner, may be the joint effects of a common cause. 
According to the law of gravitation, two material bodies 
attract each other inversely as the square of the dis- 
tance between them. The attribute of being a material 
body and the power of attraction arc regarded as coexis- 
tent and cannot be distinguished into cause and effect — 
it is not known that the one is tlie cause and the other 
the effect ; but both may be the joint effects of a com- 
mon cause. The weight of a body is due to the attrac- 
tion of the earth and varies according to its distance 
from the centre of the earth. This follows from the law 
of gravitation which is a generalisation from the pheno- 
mena of coexistence of the two attributes, inertia and 
gravitation, found in all material bodies. The law is 
established by the ilethod of Simple Enumeration. It 
is found by observation that whatever has inertia has 
the power of gravitation ; and a material body is defined 
by the possession of these two attributes. The mass of 
a body is defined by its inertia, that is, the resistance it 
offers to movement. The Method of Concomitant Varia- 
tions proves that the mass and the power of attraction 
of a body for another vary together, that the weight of 
a body varies with the attraction of the earth upon it, 
and that the latter decreases as the distance of the' body 
increases from the centre of the earth. 

(5) A rdom 10 feet by 8 feet is lighted by one candle. 
It is then lighted by two candles. It is then lighted by 
three candles — all of the same size and quality. The 
differences in the intensity of the lighting of the room 
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in the threc^ cases are carefully observed by a scientific 
instrument called Photometer. It is found that the 
intensity increases with the number of candles lighted. 
v^It may, therefore, be inferred by the Method of Con- 
comitant Variations that the number of candles lighted 
is the cause or part of the cause of the degree of illumi- 
nation in a particular case.\ By the Method of Difference, 
it may be proved that the candle light is the cause of 
the illumination of the room, by two instances — one 
in which a candle is lighted and tfie other in which there 
is no candle light in the room ^ and by the Method of 
Concomitant Variations, a quantitative relation between 
the quantity of candle light and the degree of illumina- 
tion of the room may be established. 

(6) Heat a certain quantity of water in a vessel by a 
lamp and observe the rise of its temperature by a ther- 
mometer. Heat the same quantity of water in the same 
vessel for the same period of time by two lamps of the 
same dimensions and quality as in the first case and 
repeat the experiment with three lamps of the same 
dimensions and quality, observing in each case the rise 
of temperature by a thermometer. The observations 
show that the temperature increases with the number 
of lamps, that is, with the increase of heat applied to 
the vessel. It is, therefore, inferred by the Method of 
Concomitant Variations that the quantity of heat applied 
is the cause, or a part of the cause, of the rise of tem- 
perature of the water in the vessel. As in example (5). 
it may be first proved by the Metliod of Difference that 
heat is the cause of the rise of temperature ; and then 
a quantitative relation between tlie heat applied and the 
degree of rise in the temperature may be established. 

. (7) The retention of an idea in memory varies with its 

repetition. It varies also with the degree of attention 
paid to it. The more an idea is repeated, the greater is its 
retention. The repetition of an idea is therefore a cause 
or a part of the cause of the retention of the idea in 
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memory. The greater the attention paid to tlH‘ idea 
each time it is repeated, the greater is its retention. The 
retention of an idea in memory depends therefore on 
attention and repetition. 

(8) The development of a faculty or function varies 
with its exercise. The more a faculty is used, the 
greater is its development. The use or exercise of a 
faculty is therefore a cause or a part of the cause of its 
development. 

(9) The size and structure of the brain of an animal 
vary with its intelligence. The greater its intelligence, 
the larger and the more complex in structure its brain. 
The intelligence and the brain of a!\ animal are therefore 
causally connected. 

(10) The organisation of an animal varies with its life. 
The higher the life, the more complex is its organisation. 
The life of an animal and its organisation are therefore 
causally connected. 
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V. Thk Methods of Residues. 

§ 1. If a part of the consequents of a phenomenon 
can be shown by deduction from previous inductions 
to be the effect of some of the antecedents, then the 
remaining part of the consequents is the effect of the 
remaining antecedents. 

Let A B C the antecedents and p q r the conse- 
quents of a phenomenon. \i q r can be shown, by 
deduction from B and (7, to be their effect, then p is the 
effect of A A The distinction between this Method and 
the Method of Difference is that in the latter, the part 
q r is shown to be the effect of B C by an experiment 
or observation, while in the Method of Residues, it is 
deduced from the laws of B and C, established by previ- 
ous observations and experiments 

(\) A B C . . p q r 

(2) B C . . q r 

p is the effect of A. 

In the Method of Residues ^ r is deduced from B and 
C. In the Method of Difference B C ... .q r is known 
by experiment and observation. ^ "In the Method of 
Residues the phenomenon under investigation is the 
result of an observation or experiment ; but the proof 
that p is the effect of A is deductive, depending on the 
axiom that if equals be taken from equals, ihe remain- 
ders are equal. It is assumed that there is a sort of 
equality between the antecedents as the cause and the 
consequents as the effect and that a part of the ante- 
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cedents being shown to be equal to a part of the conse- 
quents, the remaining consequents are equal to the re- 
maining antecedents. 

Mill gives the Canon of the Method as follows : — 

‘‘ Subduct from any phenomenon such part as is 
known by previous inductions to be the effect of certain 
antecedents, and the residue of the phenomenon is the 
effect of the remaining antecedents.” 

§ 2. Examples : 

(1) A room 10 ft. by 8 ft. is lighted jointly by two 
candles of a certain quality and size and a lamp, and the 
degree of illumination produced by them is observed by a 
photometer. The degree of illumination of the room, 
which is produced by a single candle of the same quality 
and size, has been ascertained by previous experiments. 
The effect of the two candles can be deduced from the 
recorded result of the experiments. Subduct this effect 
from the degree of illumination of the room produced 
jointly by the lamp and the two candles. Then it may 
be inferred by the Method of Residues that the remaining 
degree of illumination is the effect of the remaining 
antecedent, the lamp. This inference may be verified by 
an actual experiment with the lamp — that is, the room 
may be lighted with the lamp only and the degree of 
illumination produced by it, as observed by a photo- 
meter, should agree with the calculated result. 

(2) The effect of the heat of a lamp may similarly be 
determined by heating a certain quantity of water in a 
vessel by the lamp and two candles, if the heating power 
of a candle of a certain quality and size has been ascer- 
tained by previous experiments. 

(3 The existence of cohesion as a separate form of 
attraction from gravitation can be determined by this 
Method. The law of gravitation explains many move- 
ments of material bodies, but cannot account for the 
phenomena of the cohesion of the molecules in the same 
body. 
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(4) The existence of chemical affinity, vitality and 
mind as causes is established by this Method. The 
phenomena of Nature are of different kinds and cannot 
be accounted for by one and the same cause. Take the 
chemical phenomena : many of them are due to heat, 
electricity, light and other physical forces ; but there are 
some, for example, the union of hydrogen and oxygen 
according to a certain proportion by weight, and of 
other elements with one another, generalised under the 
law of chemical combination, that cannot be accounted 
for by them. ^ It is therefore inferred by this Method 
that the phenomena which are not the effects of physi- 
cal forces are caused by a special force called chemical 
affinity. The phenomena of living things likewise lead 
to the inference of vitality as a special cause of those 
phenomena of life which cannot be shown to be the 
effects of chemical and physical forces. The argu- 
ment has been applied also to prove the existence of 
mind as a separate and special cause of those phenomena, 
for example, of feelings and thoughts of living beings, 
which are called psychical and which can not be shown 
to be the effect of vital, chemical or physical forces. 














